Introduction
============

Infection with trematode parasite remains medically importance problem worldwide especially in neglected countries ([@B1],[@B2]). To complete the trematode parasites life cycle, snails are required to be the intermediate host. In snail host, the trematode eggs can hatch in the environment to be miracidia which can penetrate into snail intermediate hosts ([@B3]) or eggs can hatch within the gastrointestinal tract of the snails ([@B4]). After the miracidia infection, they can develop and transform to be sporocyst, redia and cercaria stages. The cercaria will be released from infected snails for finding the new host or transformation to be metacercaria stage in further. Currently, quickly increased snails number are emerging problems worldwide, especially in the area where a dam is situated since they can spread extensively snail borne parasitic diseases ([@B5]--[@B7]). Although infection rate of snails is very low, they can release a numerous number of the parasite larva ([@B8]). Accordingly, the study of epidemiology of snails and their infected cercariae is extra essential and need to be concern.

In Thailand, the studies related to snails diversity and cercarial infection are insufficient ([@B9]--[@B11]), especially in Sirindhorn Reservoir where is an important area used for agricultural purposes, animal husbandry, also the source of fish farming. No study has been surveyed snail diversity and parasitic infection in snail in Sirindhorn Reservoir, Ubon Ratchathani Province, Thailand. This study surveyed the occurrence and distribution of snails and their trematode infections using cercarial shedding methods in 120 stations in Sirindhorn Reservoir, Ubon Ratchathani Province, Thailand.

Materials and Methods
=====================

Study area and sample collection
--------------------------------

The freshwater mollusks were collected during Apr 2018 to Jun 2018 which is overlap between summer season and rainy season, temperature ranging from 24--36 °C and the annually rainfall is 1600--1800 mm (Thai Meteorological Department, 2017). Samples were collected from 12 localities (1 locality consists of 10 stations where were 10--15 meters far from each other) surround Sirindhorn Reservoir, Ubon Ratchathani province of Thailand ([Fig. 1](#F1){ref-type="fig"}). Mollusks were collected by hand for a period of 5 min/station per trained person ([@B12],[@B13]) from the coast of the reservoir where the waterbed is sandy, soil, mud and rocks. Mollusks were kept in plastic bags with holes during transport to the laboratory for further study. Mollusks were identified based on shell and operculum morphology ([@B14],[@B15]).

![Map of 12 localities in Sirindhorn Reservoir, Ubon Ratchathani province, Thailand where mollusk samples were collected](IJPA-14-421-g001){#F1}

All experimental procedures using animals were approved by the Animal Care and Use Committee, Ubon Ratchathani Rajabhat University (AE612008).

Examination of cercarial infection in snails
--------------------------------------------

To examine trematode infection in snails, cercarial shedding method was performed according to the previous study ([@B16]). Briefly, snails were cleaned to remove mud and plant materials with dechlorinated tap water. Each snail was measured, placed in a small cup (3 cm in diameter and 2.5 cm in high) containing 10 ml of dechlorinated tap water. For daytime, shedding was performed by turn on an electric light for 3 hours to induce releasing of cercariae from the infected snails. For nighttime, cups of snails were kept in the darkness overnight. Cercarial shedding was performed both daytime and nighttime and observed cercariae of the trematodes under the stereomicroscope ([@B13]--[@B17]). The presence of cercariae was identified based on their morphology and movement under the stereomicroscope by identification key ([@B18]). Non-infected snails were delivered back to the Sirindhorn Reservoir.

Data analysis
-------------

Snail size was expressed as the mean ± standard error. The infection rate was expressed as percentage. The interaction between snail species was analyzed. Correlation of species interaction was performed using the R project for Statistical Computing (<https://www.r-project.org/>). Statistically significant was defined as *P* less than 0.05.

Results
=======

Situation of mollusk in Sirindhorn reservoir
--------------------------------------------

The present study represents the first report on species diversity and cercariae trematode infection in snails in Sirindhorn Reservoir. A total of 2,076 mollusks collected were classified into 4 families, 4 genus and 6 species of gastropod snails: the Nassariidae (*Anentome helena*), Bithyniidae (*Bithynia siamensis goniomphalos*), Viviparidae (*Filopaludina sumatrensis spiciosa, F. martensi martensi, F. martensi munensis*) and Ampullariidae (*Pomacea canaliculata*) in addition 2 families, 2 genus and 2 species of bivalves: Cyrenidae (*Corbicula* sp.) and Unionidae (*Pilsbryoconcha exilis*) ([Fig. 2](#F2){ref-type="fig"}).

![Shell morphology of six snails and two bivalves in Sirindhorn Reservoir. **A**= *Pomacea canaliculata*; **B**= *Corbicula* sp.; **C**= *Pilsbryoconcha exilis*; **D** = *Bithynia siamensis goniomphalos*; **E** = *Anentome helena*; **F** = *Filopaludina sumatrensis spiciosa*; **G** = *Filopaludina martensi munensis*; **H** = *Filopaludina martensi martensi*. Scale bar: A--H = 1 cm](IJPA-14-421-g002){#F2}

In total, 2,000specimens belonging to snails, 53.66% (1,114/2,076) were the assassin snail, *A. helena*, 16.57%(344/2,076) were *F. s. spiciosa*, 12.67% (263/2,076) were *B. s. goniomphalos*, 10.55% (219/2,076) were *F. m. munensis,* 2.36% (49/2,076) were *F. m. martensi* and 0.53% (11/2,076) were *P. canaliculata.* Additionally, among 76 specimens of bivalves, 3.37% (70/2,076) were *Corbicula* sp. and 0.29% (6/2,076) were *P. exilis* ([Table 1](#T1){ref-type="table"}).

###### 

Species and number of freshwater mollusk collected from 12 localities from Sirindhorn Reservoir, Ubon Ratchathani Province, Thailand during Apr 2018 to Jun 2018

       ***Locality / Latitude, Longitude***   ***Number of Snails[^\*^](#TFN2){ref-type="table-fn"}***   ***Total***                                                                                
  ---- -------------------------------------- ---------------------------------------------------------- --------------- ------------- ----------- ------------- ----------- ----------- ---------- -------
  1    15°10′54″N 105°23′34″E                 \-                                                         43              111           6           \-            6           16          \-         182
  2    15°12′20″N 105°27′42″E                 66                                                         52              14            4           54            \-          \-          \-         190
  3    15°11′ 0″N 105°24′51″E                 \-                                                         68              14            11          15            \-          \-          \-         108
  4    15° 7′23″N 105°24′43″E                 22                                                         201             59            13          \-            1           3           \-         299
  5    15° 3′52″N 105°24′40″E                 3                                                          135             1             5           6             1           1           \-         152
  6    15° 1′40″N 105°23′12″E                 \-                                                         133             \-            2           2             \-          8           \-         145
  7    14°57′ 4″N 105°23′47″E                 \-                                                         11              1             \-          42            \-          9           5          68
  8    14°54′40″N 105°22′29″E                 \-                                                         37              4             \-          56            \-          15          1          113
  9    14°58′34″N 105°20′ 0″E                 \-                                                         75              13            \-          44            1           6           \-         139
  10   15° 2′42″N 105°20′53″E                 \-                                                         222             \-            2           \-            \-          7           \-         231
  11   15° 7′30″N 105°21′42″E                 27                                                         76              1             2           \-            2           1           \-         109
  12   15° 9′30″N 105°21′30″E                 145                                                        61              126           4           \-            \-          4           \-         340
       No. of Total (%)                       263 (12.67)                                                1,114 (53.66)   344 (16.57)   49 (2.36)   219 (10.55)   11 (0.53)   70 (3.37)   6 (0.29)   2,076

Number of Snails

: Bsg = *Bithynia siamensis goniomphalos*; Ah = *Anentome helena*; Fs = *Filopaludina sumatrensis spiciosa*; Fma = *Filopaludina martensi martensi*; Fmu = *Filopaludina martensi munensis*; Pc = *Pomacea canaliculata*; Csp = *Corbicula* sp.; Pe = *Pilsbryoconcha exilis*

Trematode cercariae infection
-----------------------------

Three species of snails namely, *B. s. goniomphalos*, *A. helena* and *F. s. spiciosa* were found as the intermediate host of cercariae which were Cotylomicrocercous cercaria, Virgulate cercaria, Cercariaeum cercaria and Furcocercous cercaria ([Fig. 3](#F3){ref-type="fig"}). The infection rate of Virgulate cercaria was 4.18% in *B. s. goniomphalos*, 0.09% in *A. helena* and 0.29% in *F. s. spiciosa.* The infection rate of Cercariaeum cercaria were 0.38% in *B. s. goniomphalos*. Snail *A. helena* were infected with 1.80% of Cotylomicrocercous cercariae and 0.09% of Furcocercous cercariae ([Table 2](#T2){ref-type="table"}).

![Cercariae types in snails: **A**= Furcocercous cercaria (*A. helena*); **B**= Cercariaeum cercaria (*B. s. goniomphalos*); **C**= Cotylomicrocercous cercaria (*A. helena*); **D** = Virgulate cercaria (*F. s. spiciosa*); **E** = Virgulate cercaria (*A. helena*); **F** = Virgulate cercaria (*B. s. goniomphalos*)](IJPA-14-421-g003){#F3}

###### 

Cercariae infection rate of snails from Sirindhorn Reservoir, Ubon Ratchathani province, Thailand

  ***Snail species / Type of cercaria***   ***Locality / Infection rate (Number of infected snails)***   ***Total Infection rate***                                                                                      
  ---------------------------------------- ------------------------------------------------------------- ---------------------------- ---------------- --------------- --------------- --------------- ----------------- ------------------
  *B. s. goniomphalos*                     Virgulate cercaria                                            4.55% (3/66)                 4.55% (1/22)     \-              \-              \-              4.83% (7/145)     4.18% (11/263)
  Cercariaeum cercaria                     \-                                                            \-                           \-               \-              \-              0.69% (1/145)   0.38% (1/263)     
  *A. helena*                              Cotylomicrocercous cercaria                                   \-                           5.47% (11/201)   0.74% (1/135)   6.02% (8/133)   \-              \-                1.80% (20/1,114)
  Furcocercous cercaria                    \-                                                            \-                           \-               \-              0.45% (1/222)   \-              0.09% (1/1,114)   
  Virgulate cercaria                       \-                                                            \-                           \-               \-              0.45% (1/222)   \-              0.09% (1/1,114)   
  *F.s. spiciosa*                          Virgulate cercaria                                            \-                           \-               \-              \-              \-              0.79% (1/126)     0.29% (1/344)
  Total infection                                                                                        1.58% (3/190)                4.01% (12/299)   0.66% (1/152)   5.52% (8/145)   0.87% (2/231)   2.65% (9/340)     1.69% (35/2,076)

Relationship between species interactions and Assassin snail abundance
----------------------------------------------------------------------

The relationship between species interactions and *A. helena* (assassin snail) richness were analyzed. The relative abundance of *A. helena* was statistically negative correlation with the presence of *F. martensi* (*r* = −0.303; *P*\<0.05) and *Filopaludina* spp. (*r* = −0.258; *P*\<0.05). Moreover, the species richness was found negative correlation trend between *A. helena* and *B. s. goniomphalos* (*r* = −0.341; *P*=0.07) but no statistically relationship ([Fig. 4](#F4){ref-type="fig"}).

![Relationship between assassin snail, *Anentome helana,* abundance and species interactions: A: Negative correlation with *F. martensi* (*r* = −0.303; *P*\<0.05); B: Negative correlation with *Filopaludina* spp. (*r* = −0.258; *P*\<0.05); C: Negative correlation on density with *B. s. goniomphalos* (*r* = −0.341; *P*=0.07)](IJPA-14-421-g004){#F4}

Discussion
==========

Several research have reported mollusk diversity and their potential roles to be the intermediate host of the parasites ([@B19]--[@B20]). In this study, we found six species of snails, some of them have been reported as the host of parasite namely, *B. s. goniomphalos, Filopaludina* sp. and *P. canalicalata.* Snail *B. s. goniomphalos* is the first intermediate host of a human liver fluke, *Opisthorchis viverrini*, the infected snail can release cercariae to infect cyprinoid fish in the next step ([@B21]--[@B22]). Snail *Filopaludina* sp. is the host of Echinostomes intestinal fluke, the infected snails able to be the second intermediate host of metacercariae ([@B23]). Snail *P. canalicalata* is the intermediate host of the rat lungworm, *Angiostrongylus cantonensis* ([@B24]--[@B25]). Our finding indicated that some of snail species in this area can potentially be host of medical parasites.

From cercarial examination, four type cercariae were found which are Cotylomicrocercous cercaria (parasite of fish), Virgulate cercaria (intestinal parasites of birds and amphibians), Cercariaeum cercaria (intestinal parasites of fish and parasites of the respiratory tract of birds) ([@B18]) and Furcocercous cercaria (blood parasite of vertebrate animals). The total infection rate of cercariae in Sirindhorn reservoir was 1.69% (35/2,076) which lower than the reported of cercarial infections in snails in Chao-Phraya Basin (5.90%) ([@B9]) Chiang Mai province, Thailand (17.27%) ([@B10]) and Nakhon Nayok Province, Thailand (4.7%) ([@B11]), these may due to the difference of water reservoirs and snails diversity in each water area.

In Sirindhorn reservoir, snail *F. s. spiciosa* were infected with Virgulate cercariae (0.29%) but not found infection of this snail in Nakhon Nayok Province, Thailand ([@B11]). *B. s. goniomphalos* in Sirindhorn reservoir is infected with Virgulate cercaria (4.18%) which supported the previous report regarding the presence of Virgulate cercaria in this snail ([@B13]--[@B17]). Moreover, this snail is infected with Cercariaeum cercaria (0.38%) which has not been reported in any study in Thailand. Besides, our study found no bithyniid snail infected with human liver fluke, *Opisthorchis viverrini*, supporting to the study of metacercaria in fish in this area which found only 4 metacercaria of *O. viverrini* (observed from 840 cyprinoid fish) ([@B26]) indicated that infection rate in the intermediate host is relatively low due to Ubon Ratchathani is an endemic area of opisthorchiasis where the infection rate in human is 14.8% ([@B27]).

In addition, we found *A. helena* served as the intermediate host of Cotylomicrocercous cercariae, Furcocercous cercariae and Virgulate cercariae which different across Chao-Phraya Basin ([@B9]) Nakhon Nayok Province, Thailand ([@B11]) where *A. helena* snail did not reveal any infections. However, our finding supported the study of trematode infection in *Clea* which found *Clea* collected from four provinces (Nakhon Ratchasima, Buri Ram, Surin and Si Sa Ket) of Thailand are infected with 1.92% of at least one types of Furcocercous cercariae*,* Cotylomicrocercous cercariae and Cercariaeum cercariae ([@B28]).

In many countries, freshwater snails have been surveyed and examined for parasitic infections such as Iran ([@B29]), Sri Lanka ([@B30]), Sudan ([@B31]) and Zimbabwe ([@B32]). A total of 27.9%, 16%, 14.1% and 6.6% of collected snails from Iran, Sri Lanka, Sudan and Zimbabwe, respectively, released one or more types of cercariae. The difference of cercarial types and infection rates of snails in each area may as a result of the difference of water habitat, endemic area of parasites, species diversity of snail, including the Anthropocene alteration of water environments.

In this study, *A. helena* was the dominant species of snails found in every localities sampling. The highest number of *A. helena* snails were found in areas with sandy ground followed soil, mud and rock which according to the presence of *B. s. goniomphalos*. In contrast, *F. martensi* and *F. s. spiciosa* were preferred muddy area. When analyzed the relationship between species interaction, we found negative correlation between assassin snails (*A. helena)* and *Filopaludina* spp. (*P* \< 0.05) also *B. s. goniomphalos* (*P* = 0.07). This finding may be occurred from character of predator of assassin snails, preference habitat and food. *A. helena* has recently been reported as the biological predator which consumed *Melanoides tuberculata* and *Tarebia granifera* snails in a large amount ([@B33]), but in the presence of organic residues, the intensity of consumption of *M. tuberculata* and *T. granifera* snails by assassin snails is significantly reduced ([@B34]). Due to the ability of mollusks predatory, *A. helena* targeted by the freshwater ornamental pet trade as a result of its predation abilities on other snail species ([@B35]). Moreover, as we were sampling mollusks, we found *A. helena* were consuming *Corbicula* sp., *B. s. goniomphalos* and *Filopaludina* spp. ([Fig. 5](#F5){ref-type="fig"}), this event supported the data of future snail-control strategies by using assassin snails.

![*A. helena* were consuming *Corbicula* sp. **(A)**, *B. s. goniomphalos* **(B)** and *F. s. speciosa* **(C)**](IJPA-14-421-g005){#F5}

Conclusion
==========

Species diversity of snails surround Sirind-horn Reservoir, Ubon Ratchathani province were observed. This study provides data of snail diversity which some of them have been reported as intermediate host of medical parasites and types of infected cercariae in snails which are important for the veterinary and public health.

Furthermore, we also observed the relationship between densities of assassin snails, *A. helena*, and other competitive snails and found negative correlation trends which need for extra study whether *A. helena* can act as the predator of medical mollusk. And whether using *A. helena* to consume other snails can get positive results in controlling snail-borne parasitic diseases or not.
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